Scabies, an ectoparasitic infestation of the skin by the mite Sarcoptes scabiei, is a clinical problem of particular significance in the elderly population because of unique vulnerability factors. Such factors include reduced mobility, residency in grouped living facilities, and difficulty with implementation of certain treatments. There is also risk of transmission to nearby caretakers and cohabitants. Furthermore, the diagnosis of scabies can be difficult, as this condition can closely resemble other dermatologic diseases. Complicating the diagnosis in this group is the variety of medical settings in which these patients are evaluated, some of which may not be equipped to follow diagnostic guidelines. The diagnosis itself can be complex because of varying clinical presentation and mite burden. Finally, the transmissibility of scabies, especially in grouped living arrangements, makes prompt and proper treatment of this condition paramount. All of these factors present a unique challenge for the clinician treating elderly patients. This article aims to describe the susceptibility factors, clinical presentation, diagnosis, and management considerations specific to elderly adults with scabies.
OVERVIEW OF SCABIES
Scabies is a common ectoparasitic infestation of the skin by the mite Sarcoptes scabiei [1] . Classically, it manifests as an intensely pruritic eruption with a characteristic distribution in the sides and webs of the fingers, wrists, axillae, areolae, and genitalia. In the developed world, elderly patients are a particularly vulnerable group for this infestation [2] . Reduced mobility that affects many elderly patients not only makes bathing and scratching difficult but may also contribute to treatment challenges. The grouped living arrangements of many elderly patients additionally render this population vulnerable to scabies, which is transmitted by skin-to-skin contact, infested clothing, and infested bedding. Finally, the diagnosis of scabies can be challenging; unequal resource availability, variety of clinical presentations, and varying mite burden all contribute to a complex diagnostic process. These elements create challenging clinical scenarios that geriatricians and dermatologists should be well informed about to properly deliver care.
The goal of this article is to provide a clinically useful tool for practitioners, patients, and caregivers who are concerned with the diagnosis or treatment of scabies.
METHODS
The primary purpose of this review was the evaluation of the epidemiology and diagnostic and treatment modalities of scabies in the older adult population. In October 2018, we conducted a search using PubMed/MEDLINE and The Cochrane Library with the search terms ''scabies in elderly,'' ''epidemiology of scabies,'' ''diagnosis scabies elderly,'' ''scabies older people,'' ''scabies aging adults,'' ''scabies geriatrics,'' ''scabies care homes,'' ''scabies nursing home,'' ''scabies assisted living home,'' and ''treatment scabies elderly.'' We included retrospective and prospective studies as well as general and systematic reviews that reported validated clinical information about scabies in the elderly population.
Compliance with Ethics Guidelines
This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.
PRESENTATION OF SCABIES IN THE ELDERLY
Scabies presents uniquely in elderly patients. Different from a younger cohort, elderly patients may demonstrate complete sparing of the finger webs and can present with lesions in the face [3] . Experts also note that lesions can present in the groin, under clothes areas, which can be missed on the standard examination without disrobing. The intense pruritus associated with scabies is a result of a delayedtype hypersensitivity reaction to the mite, mite feces, and mite eggs [4] . Symptoms begin 3--6 weeks after primary infestation in the diseasenaïve or 1-3 days in those previously infected [5] . Multiple small, erythematous, and often excoriated papules can be observed in many populations with scabies. While many patients exhibit burrows as well, elderly patients are more often found to have burrows on the soles of the feet [1] . The pruritus associated with scabies can help decrease the mite load as the scratching helps mechanically remove mites [6] . This process may be impaired in elderly patients with neuropathy, cognitive impairment, or limited mobility. Moreover, cognitive impairment may alter a patient's ability to communicate symptoms of itching or discomfort which can further confound the diagnosis.
Some patients can present with a subset of scabies called crusted scabies. While classic scabies is associated with a relatively low mite burden of approximately 10-15 mites, crusted scabies is associated with up to millions of mites on the body [7] . A review by Guldbakke and Khachemoune divided the major risk factors for crusted scabies into three categories: altered immune response, nutritional deficiencies, and a modified host response (e.g., older adults and cognitively impaired individuals) [7] . Given the tremendous mite burden in these patients, individuals with crusted scabies are thought to be ''core transmitters,'' or major contributors to mite transmission and scabies outbreaks [8, 9] .
DIAGNOSIS OF SCABIES AND ISSUES SPECIFIC TO THE ELDERLY
Diagnosis of scabies can be made on physical examination by identifying serpiginous white lines of mite burrows with aid of dermoscopy [1] . Definitive diagnosis of scabies can be made through examination of skin scrapings under light microscopy for the scabies mite, eggs, or feces (also known as scybala) [10] . When crusted scabies is suspected, potassium hydroxide (KOH) can be applied to the specimens to dissolve excess keratotic debris [11] . A negative result does not exclude the diagnosis of scabies [12] . Low mite burden can also delay or produce a false negative result [8] . Presumptive diagnosis and empirical treatment can be made if based upon a consistent history of exposure and characteristic examination [12] .
Even following diagnostic guidelines, establishing a definitive diagnosis of scabies in this population can be challenging. The elderly patient population presents for medical evaluation in a variety of settings: primary care, institutional settings such as nursing home, geriatric clinics, and emergency rooms. For this reason, standard diagnostic methods may not be available nor may practitioners be familiar with nuanced presentations or diagnostic practices. Even in settings with all means of diagnosis available, the variety of presentation and low mite burden can make the establishment of a definitive diagnosis difficult. This idea is further supported by a consensus paper of world experts who published criteria for the diagnosis of scabies. While not elderly or geriatric specific, the consensus acknowledges that a diagnosis can be made without confirmed scabies visualization and rather from clinical and historical details [13] .
It should be noted that hand hygiene has not been associated with decreases in scabies infestation despite propagated myth. This is important for counseling patients and close contacts regarding habits for avoidance and management [14] .
TREATMENT OF SCABIES IN THE ELDERLY
Management of scabies in the elderly involves eradication of mites, management of symptoms and complications, and treatment of close contacts to minimize transmission.
Pharmacotherapy for Mite Eradication in the Elderly

Classic Scabies
First-line therapy for classic scabies includes topically administered permethrin and orally administered ivermectin. Topically administered permethrin is highly effective, with reported cure rates greater than 90% [15] . Permethrin 5% cream should be thoroughly massaged from the head to the soles of the feet and left on for 8-14 h. While one application is generally curative, a second application 14 days after is recommended for those with confirmed disease. In elderly patients in whom there is a higher chance of scalp involvement, treatment should also be applied to the hairline, neck, scalp, temple, and forehead [4] .
The use of orally administered ivermectin for geriatric patients with scabies has been a controversial topic in the literature. A report published in 1997 by Barkwell and Shiels suggested that there was an increased risk of death associated with orally administered ivermectin use in the elderly population [16] . These findings were not replicated in other studies [17] ; orally administered ivermectin no longer appears to be controversial and should be considered safe in older patients. In fact, orally administered ivermectin was used to treat a community epidemic of scabies in 34 nursing home patients in 1993 [18] . In 1999, Del Giudice et al. retrospectively studied the outcomes of these patients and found no evidence of increased death [19] . Orally administered ivermectin, administered at 200 lg/kg in two doses, is considered appropriate off-label therapy for classic scabies in patients who are treatment-resistant or unable to tolerate topical medications [4] . Orally administered ivermectin should be taken with food to increase the bioavailability in the epidermis [4] . The second dose should be administered in between day 8 and day 15 as ivermectin has limited ovicidal activity and may not prevent recurrences due to eggs present during the initial treatment [4, 20] . In the past decade, topically administered ivermectin has also become available. One group reported it to have similar efficacy as permethrin, but it is a high-cost agent and may not be practical for all patients [21] .
Additional topical treatments for classic scabies include sulfur, benzoyl benzoate, lindane, crotamiton, and malathion, although these agents have not demonstrated superior efficacy to topically administered permethrin and in some cases have an unfavorable side effect profile [15, 22] . Many of these treatments can, however, be more cost-effective. The use of precipitated sulfur in petrolatum was found to have therapeutic efficacy, low cost, and a favorable side effect profile limited to mild dermatitis [23] .
Benzoyl benzoate (5%, 10%, or 25%), though commonly used in resource-poor countries owing to low cost, is not available in the USA. Though treatment regimens vary, the European Guideline for the Management of Scabies instructs patients to apply the drug once daily at night on two consecutive nights, with a repeat treatment cycle after 7 days [24] .
Lindane, which is no longer available for use in the USA, is infrequently used because of the risk for systemic toxicity including seizures and death [20, 24] . In years past it was intended for use only in patients who could not tolerate other therapies or are completely treatment-refractory. If used, a single treatment with a thin layer of lindane 1% was to be applied to all areas of the body from the neck down and thoroughly washed off after 8 h [20] . The risk for lindane toxicity cannot be understated, and European and Japanese guidelines recommend against lindane use altogether. Lindane is contraindicated in patients with cutaneous disorders that may result in increased absorption of topical therapy such as psoriasis or atopic dermatitis. Furthermore, lindane was found to have an adverse effect on water quality in California, where its pharmaceutical use was banned in 2002 [25] .
Crotamiton appears less effective than permethrin in randomized clinical trials [22, 26] . The treatment regimen for crotamiton is not standardized but the Food and Drug Administration recommends application to the entire body from the chin down, reapplication 24 h later, and a thorough wash 48 h after the last application [26, 27] . While malathion 0.05% lotion has been used for scabies in previous case series that suggest efficacy, it has disadvantages including high cost and danger due to its flammability [22] . Malathion lotion should be applied to the skin at night and washed off after 8-12 h [24] .
Crusted Scabies
Although permethrin 5% cream is technically off-label for the treatment of crusted scabies, it is a critical component of the first-line regimen. It should be applied daily for 7 days, and then twice weekly until symptoms have resolved. A single 200 lg/kg dose of ivermectin should be given orally concomitantly on days 1, 2, 8, and 15, and potentially on days 22 and 29 for severe cases [28] . When patients are unable to tolerate permethrin, other second-line topical agents such as benzoyl benzoate, sulfur, crotamiton, and malathion may replace it. The US Centers for Disease Control and Prevention recommends topical administration of 5% benzoyl benzoate cream as a permethrin alternative for patients with crusted scabies [20] .
Difficulties with Topical Therapy in the Elderly
Although many topical therapies exist for the treatment of both classic and crusted scabies, elderly patients may have difficulty applying topical therapy because of limited mobility. When possible, patients should receive appropriate assistance with treatment application. In cases of significant difficulty, orally administered ivermectin may be preferred.
Management of Symptoms and Complications in the Elderly
In addition to mite eradication, the symptoms and complications of scabies including pruritus, secondary infection, and cutaneous nodules should be managed. Pruritus, which may persist up to 4 weeks after successful treatment, is frequently treated with antihistamines [12] . However, first-generation H 1 -antihistamines should be used with caution if at all in adults 65 years of age and older as they are associated with central nervous system adverse effects such as drowsiness, fatigue, dizziness, impaired thinking and memory, agitation, and hallucinations [29] . They are listed on the American Geriatrics Society's Beers List of potentially inappropriate medication in older adults. Instead, we prefer the use of second-generation antihistamines or low-dose gabapentin for pruritus in this population [3] . When there is clinical suspicion for secondary infection, appropriate systemic antibiotics should be used [30] .
Nodules from scabies may persist after the eradication of mites. They can be treated with once-to twice-daily application of a potent topical steroid for 2-3 weeks or intralesional injection of a corticosteroid such as triamcinolone acetonide (5-10 mg/mL) [30] . Limited data suggest that topical calcineurin inhibitors such as tacrolimus 0.03% ointment or cryotherapy may have some value in the improvement of nodules [31, 32] .
Methods to Treat Close Contacts and Minimize Transmission and Recurrence
Measures should be implemented to treat close contacts and minimize transmission and recurrence, particularly in institutional settings because of the potential for widespread transmission in a short period of time.
The onset of scabies-related symptoms is often delayed for several weeks. Patients' close personal contacts may have active scabies even in the absence of symptoms. Simultaneous treatment of cohabitants is recommended to avoid a continuous cycle of transmission and reinfestation [33] .
Interventions for preventing the spread of infestation in close contacts have not been studied satisfactorily [34] . Well-designed randomized controlled trials should be conducted examining potential utility of prophylactic treatments. In Fiji, a single 200 lg/kg dose of orally administered ivermectin was an effective method for scabies prevention and control in a large population [35] . While not studied adequately in aging adult care homes, the method of mass drug administration (MDA) continues to show promising success in community settings. This may prove to be an effective treatment strategy in care home settings if administered appropriately [36, 37] . One consideration is that ivermectin-resistant scabies has been reported [38] . It is unclear if treatment methods play a role in the development of these resistant mites and thus should not dictate treatment approach. However, it should remain a consideration in the setting of clear nonresponders.
Classic Scabies
When classic scabies is identified in the institutional setting, staff should adhere to appropriate infection control measures when handling patients. Direct skin-to-skin contact should be avoided until at least 8 h after treatment. Individuals with prolonged skin-to-skin contact with affected patients should be treated. Clothing and bedding of the affected patient should be laundered with a washing machine and dryer using hot water and hot, dry cycles. Cleaning and vacuuming of the patient's room should be undertaken after the room is vacated [38] .
Crusted Scabies
When crusted scabies is identified in the institutional setting, institutional infection-control personnel should be promptly involved. The affected patient should be isolated from other patients and a dedicated care team should be assigned for the patient to minimize exposure of staff. Strict contact precautions including avoidance of direct skin-to-skin contact with the patient and use of personal protective equipment including gowns, gloves, and shoe covers should be used until the patient has been treated and a scabies preparation is negative. Frequent cleaning of the patient's room should ensue to remove contaminated scales and crusts. Laundering of clothing and bedding should be undertaken as described previously, and laundry personnel should use protective clothing and gloves. All individuals who came in contact with the patient or clothing, bedding, or furniture should be treated [39] .
CONCLUSION
The elderly face a number of unique diagnoses not commonly encountered by the larger adult population. Infection with the mite Sarcoptes scabiei is one such example of a diagnosis that is largely specific to older adults, especially those residing in group living facilities. Because scabies occurs most commonly in elderly patients, and can resemble other dermatologic diseases such as atopic dermatitis or psoriasis, it is often part of the differential diagnosis a practitioner must consider when treating older patients. However, the clinical presentation and diagnostic evaluation of scabies is often more challenging than straightforward. Furthermore, elderly patients may be more susceptible to crusted scabies given the greater portion of patients in this group with an altered immune response, nutritional deficiency, or a modified host response (declining cognitive function, inability to properly maintain personal hygiene, indicate medical needs, etc.) [7] .
Patients present for evaluation in a variety of settings, with a variety of caretakers and practitioners. Negative diagnostic testing does not preclude infection; thus, the practitioner must take into account the entire clinical picture including the history, physical examination, and diagnostic testing in order to make a clinical decision. In this population, early diagnosis and treatment of scabies is crucial to prevent development of sequelae such as secondary infections and sepsis. Given the transmissibility of scabies and the often sedentary, group-style living of some of this population, a missed diagnosis can lead to medical consequences for close contacts as well. This makes scabies a concern for patients, families, caregivers, and practitioners. Dermatologists play a key role in the management of this disease as well as in educating others within the house of medicine who care for older patients with concern for scabies; thus, it is imperative to acknowledge the nuances of this challenging disease in a high-risk population.
